
US 20100030539A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2010/0030539 A1 

Chandhoke et al. (43) Pub. Date: Feb. 4, 2010 

(54) SIMULATION OF A MOTION SYSTEM Publication Classi?cation 
INCLUDINGA MECHANICAL MODELER (51) Int Cl 
WITH INTERPOLATION G06G 7/48 (200601) 

(76) Inventors: Sundeep Chandhoke, Austin, TX 
(Us); Brian C- Maccleel‘ya Austin’ (52) us. Cl. .......................................................... .. 703/7 
TX (U S) 

Correspondence Address: 
MEYERTONS, HOOD, KIVLIN, KOWERT & (57) ABSTRACT 

GOETZEL’ P'C' Simulating a mechanical system controlled by a motion con 

égglxgis7s767 0398 U s troller. First position data may be received. The ?rst position 
’ _ ( ) data may be provided by a motion controller at a ?rst rate. The 

(21) App1_ NO; 12/466,437 ?rst position data received at the ?rst rate may be interpolated 
to provide second position data at a second rate. Operation of 

(22) Filed? May 15a 2009 the mechanical system may be simulated or modeled using 
. . the second position data at the second rate. lnterpolating the 

Related U's' Apphcatlon Data ?rst position data and modeling the operation of the mechani 
(60) Provisional application No. 61/085,721, ?led on Aug. 081 system may be performed WiIhOuI Simulating drives and 

1, 2008. motors necessary to drive the mechanical system. 

receive first position data provided by 
a motion controller at a ?rst rate 

M 

interpolate the first position data 
received at the first rate to provide 

second position data at a second rate 
M 

model operation of a mechanical 
system using the second position data 

at the second data rate 
@ 



Patent Application Publication Feb. 4, 2010 Sheet 1 0f 5 US 2010/0030539 A1 

FIG. 1 computer system 

@ 

El 
E 
III motion controller 

muuum TV @ 
/ |1|1|1|1|1|1|1 3 

computer system 
82 

FIG. 2 



Patent Application Publication Feb. 4, 2010 Sheet 2 0f 5 US 2010/0030539 A1 

EoEmcomE 
omm .\ 

own I\ 

<6 GE 

QQ 

‘8.58m 25.5»6 EEES 5:02.555 MMWMEM 
% uuuun.QDm 

Ev ?. m ix Em Q I + 3mg FEM {W8 FEM 

26K owmk 



Patent Application Publication Feb. 4, 2010 Sheet 3 0f 5 US 2010/0030539 A1 

mm GI 

58:50 co=mo=QQ< 

E5882 6050mm mémétm? €€§§§Q $3.556 

w NR % 8m J N8 2 = “Em 8m 

M? E A} in Av ilv + 
Em ‘\ FEW 5% FEM 

8m \ 9% 8m x g 



9 

m Om GI 

m 

m 6582 

m EoEmsomE EEEQQO como§¢mm9q cocmo=QQ< \mmD 

U 5 M 4 

m . I) I) uuunu H, a Q T. + .b. \DDD D 

F r Em 

a1 a1 

Patent Application Publication 



Patent Application Publication Feb. 4, 2010 Sheet 5 0f 5 US 2010/0030539 A1 

receive first position data provided by 
a motion controller at a first rate 

Q 

interpolate the first position data 
received at the first rate to provide 

second position data at a second rate 
M 

model operation of a mechanical 
system using the second position data 

at the second data rate 
@ 

FIG. 4 



US 2010/0030539 A1 

SIMULATION OF A MOTION SYSTEM 
INCLUDING A MECHANICAL MODELER 

WITH INTERPOLATION 

PRIORITY 

[0001] This application claims bene?t of priority of US. 
provisional application Ser. No. 61/085,721 titled “Simula 
tion of a Motion System Including a Mechanical Modeler 
With Interpolation” ?led Aug. 1, 2008, Whose inventors Were 
Sundeep Chandhoke and Brian C. MacCleery and Which is 
hereby incorporated by reference in its entirety as though 
fully and completely set forth herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of motion 
control and simulation, and more particularly to a system and 
method for simulating a motion control system by using a 
mechanical modeler that includes interpolation functionality. 

DESCRIPTION OF THE RELATED ART 

[0003] Controlling physical systems using motion control 
lers has become increasingly popular in recent years. Accord 
ingly, testing motion systems before they are actually made 
helps in making the design and testing phase more ef?cient 
and less costly. As a result, simulation of motion systems has 
become important. Simulating a motion system (e.g., a 
mechanical model of a machine With drives, motors and a 
motion controller) typically entails three parts: 

[0004] l. Simulating the motion controller orusing a real 
motion controller connected to a computer that simu 
lates the other components of a motion system; 

[0005] 2. Simulating the electrical components, e.g., the 
drive/motor; and 

[0006] 3. Simulating the mechanical part; i.e. the 
mechanics of the machine/plant. 

[0007] In most cases, especially in the initial design phase 
of a machine, the electrical components (drives and motors) 
are not important for simulation since the machine’s function 
ality is still being determined. To ensure that that the motion 
pro?les can solve the application and achieve the basic 
required functionality, it is typically suf?cient to connect the 
motion controller directly to the model and run the motion 
pro?les. HoWever, current systems (e.g., CAD tools) are not 
set up to handle connecting a mechanical model directly to 
motion controllers Without having a drive/motor simulator as 
an interface. In addition, the mechanical solvers need to run at 
much higher rates than the motion controllers to provide 
accurate results. Thus, improvements in simulation and test 
ing of motion systems are desired. 

SUMMARY OF THE INVENTION 

[0008] Various embodiments are presented of a system and 
method for simulating a motion control system by using a 
mechanical modeler that includes interpolation functionality. 
[0009] First position data may be received, e. g., by the 
mechanical modeler. The ?rst position data may have been 
provided by a motion controller at a ?rst rate. In one embodi 
ment, the mechanical modeler may be softWare executed by a 
host computer. Additionally, the motion controller may also 
be softWare executed by the host computer. In one embodi 
ment, the motion controller may be controlled by a graphical 
program Which implements motion control functionality. The 
graphical program may include a plurality of interconnected 
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nodes Which visually indicate the motion control functional 
ity of the graphical program. Thus, in one embodiment, the 
graphical program, the motion controller, and the mechanical 
modeler may be executed by the same computer to simulate a 
motion system. HoWever, the execution may be divided 
among a plurality of computers, among other con?gurations, 
as desired. Alternatively, the motion controller may be imple 
mented as a hardWare motion controller (e.g., a card Within 
the computer, a standalone motion controller, etc.). 
[0010] The ?rst position data may be interpolated to pro 
vide second position data at a second rate. Operation of the 
mechanical system may be modeled or simulated using the 
second position data at the second rate. Interpolating the ?rst 
position data and modeling operation of the mechanical sys 
tem may be performed Without simulating drives and motors 
necessary to drive the mechanical system. 
[0011] The interpolation function and/ or modeling may be 
performed by the mechanical modeler as opposed to the 
motion controller. Thus, because the interpolation and mod 
eling may be performed by the mechanical modeler, the 
motion controller may be con?gured to provide the ?rst posi 
tion data for a real or simulated mechanical system. In other 
Words, the motion controller may not care or be aWare that the 
mechanical system it is controlling is real or simulated. Simi 
larly, the application controlling the motion controller may be 
tested Without modi?cation and during execution, the appli 
cation may not be aWare that the mechanical system is real or 
simulated. Thus, the functionality application controlling the 
motion controller may be tested Without modi?cation before 
actual hardWare implementation of the motion system. Simi 
larly, the mechanical system may be modeled and tested With 
the motion controller Without having to implement the physi 
cal system (or just the mechanical system) and does not 
require simulation of the drives and motors Which Would 
normally interface betWeen the motion controller and 
mechanical system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] A better understanding of the present invention can 
be obtained When the folloWing detailed description of the 
preferred embodiment is considered in conjunction With the 
folloWing draWings, in Which: 
[0013] FIG. 1 illustrates a computer system, according to 
an embodiment; 
[0014] FIG. 2 illustrates the computer system coupled to a 
motion controller according to one embodiment; 
[0015] FIGS. 3A-3C illustrate exemplary simulated motion 
systems according to one embodiment; and 
[0016] FIG. 4 is a ?oWchart diagram illustrating one 
embodiment of a method for simulating a motion system, 
according to one embodiment. 
[0017] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments thereof 
are shoWn by Way of example in the draWings and are herein 
described in detail. It should be understood, hoWever, that the 
draWings and detailed description thereto are not intended to 
limit the invention to the particular form disclosed, but on the 
contrary, the intention is to cover all modi?cations, equiva 
lents and alternatives falling Within the spirit and scope of the 
present invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

Incorporation by Reference: 
[0018] The folloWing references are hereby incorporated 
by reference in their entirety as though fully and completely 
set forth herein: 
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[0019] US. Pat. No. 4,914,568 titled “Graphical System 
for Modeling a Process and Associated Method,” issued on 
April 3, 1990. 
[0020] US. Pat. No. 6,865,441 titled “Parallel Loops for 
Traj ectory Generation, Spline Interpolation and Control for a 
Motion Control Application”, issued on Mar. 8, 2005. 
[0021] US. patent application Ser. No. 11/226,863, titled 
“Automatic Generation of a Motion Controller”, ?led on Sep. 
14, 2005. 

Terms 

[0022] The following is a glossary of terms used in the 
present application: 
[0023] Memory MediumiAny of various types of 
memory devices or storage devices. The term “memory 
medium” is intended to include an installation medium, e.g., 
a CD-ROM, ?oppy disks 104, or tape device; a computer 
system memory or random access memory such as DRAM, 
DDR RAM, SRAM, EDO RAM, Rambus RAM, etc.; or a 
non-volatile memory such as a magnetic media, e.g., a hard 
drive, or optical storage. The memory medium may comprise 
other types of memory as well, or combinations thereof. In 
addition, the memory medium may be located in a ?rst com 
puter in which the programs are executed, and/or may be 
located in a second different computer which connects to the 
?rst computer over a network, such as the Internet. In the 
latter instance, the second computer may provide program 
instructions to the ?rst computer for execution. The term 
“memory medium” may include two or more memory medi 
ums which may reside in different locations, e.g., in different 
computers that are connected over a network. 

[0024] Carrier Mediumia memory medium as described 
above, as well as a physical transmission medium, such as a 
bus, network, and/ or other physical transmission medium that 
conveys signals such as electrical, electromagnetic, or digital 
signals. 
[0025] Programmable Hardware Elementiincludes vari 
ous hardware devices comprising multiple programmable 
function blocks connected via a programmable interconnect. 
Examples include FPGAs (Field Programmable Gate 
Arrays), PLDs (Programmable Logic Devices), FPOAs 
(Field Programmable Object Arrays), and CPLDs (Complex 
PLDs). The programmable function blocks may range from 
?ne grained (combinatorial logic or look up tables) to coarse 
grained (arithmetic logic units or processor cores). A pro 
grammable hardware element may also be referred to as 
“recon?gurable logic”. 
[0026] Programithe term “program” is intended to have 
the full breadth of its ordinary meaning. The term “program” 
includes 1) a software program which may be stored in a 
memory and is executable by a processor or 2) a hardware 
con?guration program useable for con?guring a program 
mable hardware element. 
[0027] Software Programithe term “software program” is 
intended to have the full breadth of its ordinary meaning, and 
includes any type of program instructions, code, script and/or 
data, or combinations thereof, that may be stored in a memory 
medium and executed by a processor. Exemplary software 
programs include programs written in text-based program 
ming languages, such as C, C++, PASCAL, FORTRAN, 
COBOL, JAVA, assembly language, etc.; graphical programs 
(programs written in graphical programming languages); 
assembly language programs; programs that have been com 
piled to machine language; scripts; and other types of execut 
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able software. A software program may comprise two or more 
software programs that interoperate in some manner. Note 
that various embodiments described herein may be imple 
mented by a computer or software program. A software pro 
gram may be stored as program instructions on a memory 
medium. 
[0028] Hardware Con?guration Pro gramia program, e. g., 
a netlist or bit ?le, that can be used to program or con?gure a 
programmable hardware element. 
[0029] Graphical ProgramiA program comprising a plu 
rality of interconnected nodes or icons, wherein the plurality 
of interconnected nodes or icons visually indicate function 
ality of the program. Graphical function nodes may also be 
referred to as blocks. 

[0030] The following provides examples of various aspects 
of graphical programs. The following examples and discus 
sion are not intended to limit the above de?nition of graphical 
program, but rather provide examples of what the term 
“graphical program” encompasses: 
[0031] The nodes in a graphical program may be connected 
in one or more of a data ?ow, control ?ow, and/ or execution 
?ow format. The nodes may also be connected in a “signal 
?ow” format, which is a subset of data ?ow. 
[0032] Exemplary graphical program development envi 
ronments which may be used to create graphical programs 
include LabVIEW®, DasyLabTM, DiaDemTM and Matrixx/ 
SystemBuildTM from National Instruments, Simulink® from 
the MathWorks, VEETM from Agilent, WiTTM from Coreco, 
Vision Program ManagerTM from PPT Vision, SoftWIRETM 
from Measurement Computing, SanscriptTM from North 
woods Software, KhorosTM from Khoral Research, SnapMas 
terTM from HEM Data, VisSimTM from Visual Solutions, 
ObjectBenchTM by SES (Scienti?c and Engineering Soft 
ware), and VisiDAQTM from Advantech, among others. 
[0033] The term “graphical program” includes models or 
block diagrams created in graphical modeling environments, 
wherein the model or block diagram comprises intercon 
nected blocks (i.e., nodes) or icons that visually indicate 
operation of the model or block diagram; exemplary graphi 
cal modeling environments include Simulink®, System 
BuildTM, V1sSimTM, Hypersignal Block DiagramTM, etc. 
[0034] A graphical program may be represented in the 
memory of the computer system as data structures and/or 
program instructions. The graphical program, e. g., these data 
structures and/or program instructions, may be compiled or 
interpreted to produce machine language that accomplishes 
the desired method or process as shown in the graphical 
program. 
[0035] Input data to a graphical program may be received 
from any of various sources, such as from a device, unit under 
test, a process being measured or controlled, another com 
puter program, a database, or from a ?le. Also, a user may 
input data to a graphical program or virtual instrument using 
a graphical user interface, e.g., a front panel. 
[0036] A graphical program may optionally have a GUI 
associated with the graphical program. In this case, the plu 
rality of interconnected blocks or nodes are often referred to 
as the block diagram portion of the graphical program. 
[0037] NodeiIn the context of a graphical program, an 
element that may be included in a graphical program. The 
graphical program nodes (or simply nodes) in a graphical 
program may also be referred to as blocks. A node may have 
an associated icon that represents the node in the graphical 
program, as well as underlying code and/or data that imple 
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ments functionality of the node. Exemplary nodes (or blocks) 
include function nodes, sub-program nodes, terminal nodes, 
structure nodes, etc. Nodes may be connected together in a 
graphical program by connection icons or Wires. 
[0038] Graphical Data FloW Program (or Graphical Data 
FloW Diagram)iA graphical program or diagram compris 
ing a plurality of interconnected nodes (blocks), Wherein at 
least a subset of the connections among the nodes visually 
indicate that data produced by one node is used by another 
node. A LabVIEW VI is one example of a graphical data How 
program. A Simulink block diagram is another example of a 
graphical data How program. 
[0039] Graphical User Interfaceithis term is intended to 
have the full breadth of its ordinary meaning. The term 
“Graphical User Interface” is often abbreviated to “GUI”. A 
GUI may comprise only one or more input GUI elements, 
only one or more output GUI elements, or both input and 
output GUI elements. 
[0040] The folloWing provides examples of various aspects 
of GUIs. The folloWing examples and discussion are not 
intended to limit the ordinary meaning of GUI, but rather 
provide examples of What the term “graphical user interface” 
encompasses: 
[0041] A GUI may comprise a single WindoW having one or 
more GUI Elements, or may comprise a plurality of indi 
vidual GUI Elements (or individual WindoWs each having one 
or more GUI Elements), Wherein the individual GUI Ele 
ments or WindoWs may optionally be tiled together. 
[0042] A GUI may be associated With a graphical program. 
In this instance, various mechanisms may be used to connect 
GUI Elements in the GUI With nodes in the graphical pro 
gram. For example, When Input Controls and Output Indica 
tors are created in the GUI, corresponding nodes (e. g., termi 
nals) may be automatically created in the graphical program 
or block diagram. Alternatively, the user can place terminal 
nodes in the block diagram Which may cause the display of 
corresponding GUI Elements front panel objects in the GUI, 
either at edit time or later at run time. As another example, the 
GUI may comprise GUI Elements embedded in the block 
diagram portion of the graphical program. 
[0043] Front PaneliA Graphical User Interface that 
includes input controls and output indicators, and Which 
enables a user to interactively control or manipulate the input 
being provided to a program, and vieW output of the program, 
While the program is executing. 
[0044] A front panel is a type of GUI. A front panel may be 
associated With a graphical program as described above. 
[0045] In an instrumentation application, the front panel 
can be analogiZed to the front panel of an instrument. In an 
industrial automation application the front panel can be 
analogiZed to the MMI (Man Machine Interface) of a device. 
The user may adjust the controls on the front panel to affect 
the input and vieW the output on the respective indicators. 
[0046] Graphical User Interface Elementian element of a 
graphical user interface, such as for providing input or dis 
playing output. Exemplary graphical user interface elements 
comprise input controls and output indicators. 
[0047] Input Controlia graphical user interface element 
for providing user input to a program. An input control dis 
plays the value input the by the user and is capable of being 
manipulated at the discretion of the user. Exemplary input 
controls comprise dials, knobs, sliders, input text boxes, etc. 
[0048] Output Indicatoria graphical user interface ele 
ment for displaying output from a program. Exemplary out 
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put indicators include charts, graphs, gauges, output text 
boxes, numeric displays, etc. An output indicator is some 
times referred to as an “output control”. 
[0049] Computer Systemiany of various types of comput 
ing or processing systems, including a personal computer 
system (PC), mainframe computer system, Workstation, net 
Work appliance, Internet appliance, personal digital assistant 
(PDA), television system, grid computing system, or other 
device or combinations of devices. In general, the term “com 
puter system” can be broadly de?ned to encompass any 
device (or combination of devices) having at least one pro 
cessor that executes instructions from a memory medium. 
[0050] Measurement Deviceiincludes instruments, data 
acquisition devices, smart sensors, and any of various types of 
devices that are operable to acquire and/or store data. A mea 
surement device may also optionally be further operable to 
analyZe or process the acquired or stored data. Examples of a 
measurement device include an instrument, such as a tradi 
tional stand-alone “box” instrument, a computer-based 
instrument (instrument on a card) or external instrument, a 
data acquisition card, a device external to a computer that 
operates similarly to a data acquisition card, a smart sensor, 
one or more DAQ or measurement cards or modules in a 

chassis, an image acquisition device, such as an image acqui 
sition (or machine vision) card (also called a video capture 
board) or smart camera, a motion control device, a robot 
having machine vision, and other similar types of devices. 
Exemplary “stand-alone” instruments include oscilloscopes, 
multimeters, signal analyZers, arbitrary Waveform genera 
tors, spectroscopes, and similar measurement, test, or auto 
mation instruments. 
[0051] A measurement device may be further operable to 
perform control functions, e.g., in response to analysis of the 
acquired or stored data. For example, the measurement device 
may send a control signal to an external system, such as a 
motion control system or to a sensor, in response to particular 
data. A measurement device may also be operable to perform 
automation functions, i.e., may receive and analyZe data, and 
issue automation control signals in response. 
[0052] Subsetiin a set having N elements, the term “sub 
set” comprises any combination of one or more of the ele 
ments, up to and including the full set of N elements. For 
example, a subset of a plurality of icons may be any one icon 
of the plurality of the icons, any combination of one or more 
of the icons, or all of the icons in the plurality of icons. Thus, 
a subset of an entity may refer to any single element of the 
entity as Well as any portion up to and including the entirety 
of the entity. 

FIG. 14Computer System 

[0053] FIG. 1 illustrates a computer system 82 operable to 
execute various motion system simulations and controllers, 
according to embodiments described beloW. For example, the 
computer system 82 may be operable to execute a motion 
controller, an application controlling the motion controller 
(e.g., a graphical program including a plurality of intercon 
nected nodes Which visually specify the functionality of the 
motion controller), and/or a mechanical modeler. 
[0054] As shoWn in FIG. 1, the computer system 82 may 
include a display device operable to display the graphical 
program (e.g., corresponding to the motion controller) as the 
graphical program is created and/or executed. The display 
device may also be operable to display a graphical user inter 
face or front panel of the graphical program during execution 
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of the graphical program. The display may also provide an 
interface for the mechanical modeler and/or motion system 
simulator. The graphical user interface may comprise any 
type of graphical user interface, e. g., depending on the com 
puting platform. 
[0055] The computer system 82 may include at least one 
memory medium on Which one or more computer programs 
or softWare components according to one embodiment of the 
present invention may be stored. For example, the memory 
medium may store one or more graphical programs, mechani 
cal models, interpolators, etc. Which are executable to per 
form the methods described herein. Additionally, the memory 
medium may store a graphical programming development 
environment application used to create and/or execute such 
graphical programs and possibly a modeling environment for 
creating the mechanical modeler. The memory medium may 
also store operating system softWare, as Well as other soft 
Ware for operation of the computer system. The computer 
system 82 may be a platform that supports real time execu 
tion, e.g., a device including a processor that executes a real 
time operating system (RTOS), or a device including a pro 
grammable hardWare element. Various embodiments further 
include receiving or storing instructions and/or data imple 
mented in accordance With the foregoing description upon a 
carrier medium. 

FIG. 2iExemplary Motion Controller and Computer Sys 
tem 

[0056] FIG. 2 illustrates a motion controller 100 coupled to 
the computer system 82. In various embodiments, the motion 
controller 100 may be a stand alone hardWare unit (e.g., With 
its oWn chassis), or may incorporated into a computer system. 
For example, in one embodiment, the motion controller may 
be a card that may be inserted in a computer system, e.g., the 
computer system 82. Thus, in various embodiments, the 
motion controller 100 may be included in the computer sys 
tem 82 or may be coupled to the computer system 82 over 
various mediums and/or netWorks. As indicated above, the 
motion controller 100 may be con?gured according to a 
graphical program Which visually speci?es functionality of 
the motion controller 100. In some embodiments, the motion 
controller 100 may be an “off the shelf’ motion controller that 
is controlled by the graphical program. Alternatively, or addi 
tionally, the motion controller may be compiled for execution 
With the graphical program, and thus the motion controller 
100 may include both the graphical program and the motion 
controller engine. 
[0057] The motion controller 100 may include a program 
mable hardWare element, such as a ?eld programmable gate 
array (FPGA) Which may be con?gured according to the 
graphical program as described in Us. Pat. No. 6,865,441 
and Us. patent application Ser. No. 11/226,863, Which Were 
incorporated by reference in their entirety above. Thus, in one 
embodiment, the graphical program of the motion controller 
100 may be con?gured or created on the computer system 82 
and targeted for implementation or execution by the motion 
controller 100. 
[0058] In one embodiment, the motion controller may be 
con?gured to control a mechanical system. The mechanical 
system may be any of various mechanical, automation, or 
industrial systems. For example, the mechanical system may 
include various gears, shafts, belts, bearings, etc. that may be 
controlled in response to signals (e.g., position signals) trans 
mitted by the motion controller 100. The mechanical system 
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may be used for performing vision tasks (e.g., examining 
materials provided along a conveyer belt), manufacturing, 
etc. As indicated above, the mechanical system may be mod 
eled by a mechanical modeler that is executed by the com 
puter 82. 

FIGS. 3A-3CiExemplary Simulated Motion Systems 

[0059] FIGS. 3A-3C illustrate exemplary motion systems 
that may be simulated according to various embodiments 
described herein. 
[0060] In FIG. 3A, an exemplary motion control system is 
shoWn. As shoWn, the motion system may include motion 
controller 320, drive 330, motors and electrical components 
340, and the mechanical portion 350. As shoWn, a digital user 
application 300 (e.g., a graphical program) may interface 
With the motion controller 320, e.g., for providing input 
Which controls the motion controller 320. Although not 
shoWn in the Figure, the user application (e.g., the graphical 
program) may be implemented With the motion controller 
320. Thus, in some embodiments, the motion controller 320 
and the controlling application may form an integrated con 
trolling engine or may be implemented on a same device (e. g., 
Where the application and the control engine execute concur 
rently, possibly on different processors or threads of the same 
processor). 
[0061] As shoWn, the motion controller 320 may include 
supervisory control 302, trajectory generator 304, interpola 
tor 306, position loop 308, velocity loop 310, ?lters 312, 
commutation 314, and current loop 316. The supervisory 
control 302 may be responsible for API I/O reaction, trajec 
tory generator control, gearing/camming, and/or position 
based synchronization. The supervisory control 302 may also 
interface With the user application 300 (Which, as indicated 
above, may be a graphical program). For example, the user 
application 300 may provide signals for controlling the 
motion controller 320 via the supervisory control 302. The 
trajectory generator 304 may be responsible for pro?le gen 
eration, path planning, and/ or coordinated motion. The inter 
polator 306 may generate intermediate positions if control 
loops run at a different (e.g., faster) rate than the trajectory 
generator. The position loop 308 may control the position and 
the velocity loop 310 may control the velocity. The ?lters 312 
may remove resonances, the commutation 316 may control 
direction of the current, and the current loop 316 may control 
the current. 
[0062] In order to simulate such a system, typically, each 
component of the system Would have to be simulated. In this 
case, the motion controller 320 (as Well as the user application 
300) can be simulated Without modi?cation as it is normally 
implemented via softWare, and the mechanical system 350 
may be accurately modeled using a mechanical modeler 370 
(shoWn in FIG. 3C), e.g., using various CAD packages that 
are currently available. HoWever, the equations of the drives 
330 and motors 340 may need to be accurately determined 
based on the system motion system requirements. 
[0063] To enable rapid prototyping and system validation, 
bypassing the drives 330 and motors 340 during simulation 
alloWs the motion controller 320 to be directly interfaced With 
the mechanical modeler Which may simulate or model the 
mechanical system 350. FIG. 3B illustrates all of the compo 
nents that may be bypassed (360) during simulation. Note that 
typical motion controllers can have various functions turned 
off(e.g., the velocity loop 310, the position loop 308, etc.) via 
simple con?guration changes. 
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[0064] The resulting simulation system is shown in FIG. 
3C. In order for the system of FIG. 3C to successfully operate, 
the mechanical modeler 370 (Which models the mechanical 
system 350 above) may incorporate the interpolator 306 func 
tion described above. Thus, the interpolator 306 may run at 
the same rate as the mechanical modeler 370. It may consume 
the position data sent periodically from the motion controller 
320 (Which may only include the supervisory control 302 and 
the trajectory generator 304) and may create intermediate 
position data Which the mechanical modeler 370 can use to 
simulate model movement appropriately. 
[0065] Note that Without moving the interpolator 306 to the 
mechanical modeler 370, the motion controller 320 Would 
need to be modi?ed to execute at tWo different rates: a ?rst 
rate that creates the position data and a second rate that 
matches the rate of the mechanical solver to provide the 
interpolated position. Such a system Would result in a motion 
controller 320 and controlling application 300 that Would 
have to be modi?ed for real use (With a real mechanical 
system and drives) and Would also result in an overly complex 
motion controller, Which is undesirable. 
[0066] Thus, the mechanical modeler 370 including the 
interpolator 306 addresses both these problems. Thus, the 
motion controller 320 and mechanical model can be rapidly 
tested Without modifying the user application 300 for the sole 
purpose of performing simulation. In other Words, since the 
user application 300 is unmodi?ed, it can be used for both 
simulation and for real World application (e.g., once the 
mechanical system, motors, and drives have been physically 
implemented) . 

[0067] Thus, the above described simulation system 
enables a motion controller’s trajectory generator 304 to send 
position data directly to a mechanical modeler 370 (e.g., a 
CAD package executing a mechanical model solver) by using 
an interpolation technique built into the mechanical modeler 
370. This creates an appearance to the motion controller (and 
correspondingly, the user application 300) that it is connected 
to a position based drive and hence it can continue to execute 
normally Without any changes or modi?cations. The 
mechanical modeler 370 may use this interpolation function 
ality to solve the model equations at a much faster rate than 
the rate at Which the motion controller 320 provides the 
positions, thereby achieving more accurate results. This Way 
the drive/motor simulator becomes a non-requirement 
enabling easy setup and rapid prototyping ability for machine 
builders. 
[0068] HoWever, it should be noted that further testing may 
be necessary With the physical system, since the drive and 
motors typically cause lag or mechanical issues that may need 
to be addressed by the user application 300. Thus, ideal func 
tionality of the mechanical system and controlling applica 
tion may be tested by directly connecting the motion control 
ler to the mechanical modeler of the mechanical system 
Without dealing With intervening motor and electrical com 
ponents shoWn in FIG. 3A. 

FIG. 4iSimulation of a Mechanical System Controlled by a 
Motion Controller 

[0069] FIG. 4 illustrates a method for simulating a 
mechanical system controlled by a motion controller. The 
method shoWn in FIG. 4 may be used in conjunction With any 
of the computer systems or devices shoWn in the above Fig 
ures, among other devices. In various embodiments, some of 
the method elements shoWn may be performed concurrently, 
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in a different order than shoWn, or may be omitted. Additional 
method elements may also be performed as desired. As 
shoWn, this method may operate as folloWs. 
[0070] In 402, ?rst position data may be received. In some 
embodiments, the ?rst position data may be received by a 
mechanical modeler that simulates a mechanical system. The 
?rst position data may be received from a motion controller 
and may be at a ?rst rate (e.g., the rate of operation of the 
motion controller). Note that the position data may be 
received directly from the motion controller; in other Words, 
there may not be any simulation of drives and motors Which 
Would be necessary to drive the mechanical system in the real 
World during simulation of the motion system. 
[0071] The motion controller may be controlled by a user 
application or controlling application. The user application 
may be a graphical program Which comprises a plurality of 
interconnected nodes Which visually speci?es functionality 
of the motion controller. The graphical program may be cre 
ated according to various methods, e.g., manually, by the user 
assembling the various nodes and interconnected Wires on a 
display, or automatically, e.g., in response to graphical pro 
gram information, such as prototyping speci?cations. For 
example, the graphical program may be created by the user 
creating or specifying a prototype, folloWed by automatic 
creation of the graphical program from the prototype. This 
functionality is described in US. patent application Ser. No. 
09/587,682 titled “System and Method for Automatically 
Generating a Graphical Program to Perform an Image Pro 
cessing Algorithm”, Which is hereby incorporated by refer 
ence in its entirety as though fully and completely set forth 
herein. 
[0072] Thus, the method may include executing the con 
trolling application, the motion controller, and the mechani 
cal modeler. HoWever, as indicated above, the controlling 
application and the motion controller may be integrated (or 
collocated) and any of various combinations may be used in 
terms of execution. For example, the controlling application 
and the motion controller may execute on a ?rst computer 
system While the mechanical modeler executes on a second 
computer system. Other con?gurations are envisioned. 
[0073] In 404, the ?rst position data may be interpolated to 
provide second position data at a second rate (e.g., the rate of 
execution of the mechanical model). 
[0074] In 406, operation of the mechanical system may be 
modeled or simulated using the second position data at the 
second rate. In other Words, the mechanical modeler may use 
the position data at the second rate to model the mechanical 
system according to the control signals of the motion control 
ler. 
[0075] As indicated above, interpolating the ?rst position 
data and modeling the operation of the mechanical system 
may be performed Without simulating drives and motors nec 
essary to drive the mechanical system. Additionally, the inter 
polation and modeling may be performed Within the 
mechanical modeler (as opposed to the motion controller) 
thus alleviating various complications With the motion con 
troller having to execute at tWo different rates (e.g., the rate of 
the controlling application and the rate of the mechanical 
modeler). Furthermore, this con?guration may alloW the 
motion controller and controlling application to be substan 
tially unmodi?ed for simulation purposes, as described 
herein. 
[0076] Note that the controlling application and/or the 
motion controller may be unaWare as to the nature of the 
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mechanical system (e.g., Whether it is being simulated by a 
mechanical modeler or if it is a real system). Thus, the con 
trolling application and/ or motion controller may be rapidly 
tested Without requiring substantial modi?cations (or in some 
cases, any modi?cations) for simulation. More speci?cally, 
the controlling application may be unmodi?ed and the motion 
controller may have various functions turned off that may 
normally be used for sending signals to the drives and motors 
that may not be simulated according to this method. Thus, 
interpolating and modeling may alloW the application con 
trolling the motion controller (as Well as the designed 
mechanical system) Without modi?cation and before physi 
cally implementing the mechanical system. 
[0077] Although the embodiments above have been 
described in considerable detail, numerous variations and 
modi?cations Will become apparent to those skilled in the art 
once the above disclosure is fully appreciated. It is intended 
that the folloWing claims be interpreted to embrace all such 
variations and modi?cations. 
We claim: 
1. A computer accessible memory medium storing pro 

gram instructions for simulating a mechanical system con 
trolled by a motion controller, Wherein the program instruc 
tions are executable by a processor to: 

receive ?rst position data provided by a motion controller 
at a ?rst rate; 

interpolate the ?rst position data received at the ?rst rate to 
provide second position data at a second rate; 

model operation of the mechanical system using the sec 
ond position data at the second rate; 

Wherein said interpolating the ?rst position data and mod 
eling operation of the mechanical system is performed 
Without simulating drives and motors necessary to drive 
the mechanical system. 

2. The memory medium of claim 1, Wherein the program 
instructions are further executable to: 

execute an application Which causes the motion controller 
to provide the ?rst position data. 

3. The memory medium of claim 2, Wherein the application 
comprises a graphical program, Wherein the graphical pro 
gram comprises a plurality of interconnected nodes Which 
visually specify functionality of the motion controller. 

4. The memory medium of claim 1, Wherein the motion 
controller is con?gured to provide the ?rst position data for a 
real or simulated mechanical system. 

5. The memory medium of claim 1, Wherein said interpo 
lating and said modeling alloWs an application controlling the 
motion controller to be tested Without modi?cation before 
physically implementing the mechanical system. 

6. The memory medium of claim 1, Wherein said interpo 
lating and said modeling alloWs for testing of an application 
controlling the motion controller and the mechanical system 
Without physically implementing the mechanical system. 

7. The memory medium of claim 1, Wherein said interpo 
lating and said modeling is performed by a mechanical mod 
eler. 

8. A method for simulating a mechanical system controlled 
by a motion controller, comprising: 

receiving ?rst position data provided by a motion control 
ler at a ?rst rate; 

interpolating the ?rst position data received at the ?rst rate 
to provide second position data at a second rate; 
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modeling operation of the mechanical system using the 
second position data at the second rate; 

Wherein said interpolating the ?rst position data and mod 
eling operation of the mechanical system is performed 
Without simulating drives and motors necessary to drive 
the mechanical system. 

9. The method of claim 8, further comprising: 
executing an application Which causes the motion control 

ler to provide the ?rst position data. 
10. The method of claim 10, Wherein the application com 

prises a graphical program, Wherein the graphical program 
comprises a plurality of interconnected nodes Which visually 
specify functionality of the motion controller. 

11. The method of claim 8, Wherein the motion controller 
is con?gured to provide the ?rst position data for a real or 
simulated mechanical system. 

12. The method of claim 8, Wherein said interpolating and 
said modeling alloWs an application controlling the motion 
controller to be tested Without modi?cation before physically 
implementing the mechanical system. 

13. The method of claim 8, Wherein said interpolating and 
said modeling alloWs for testing of an application controlling 
the motion controller and the mechanical system Without 
physically implementing the mechanical system. 

14. The method of claim 8, Wherein said interpolating and 
said modeling is performed by a mechanical modeler. 

15. A system, comprising: 
a processor; and 
a memory medium coupled to the processor storing pro 
gram instructions, Wherein the program instructions are 
executable by the processor to: 
receive ?rst position data provided by a motion control 

ler at a ?rst rate; 
interpolate the ?rst position data received at the ?rst rate 

to provide second position data at a second rate; 
model operation of the mechanical system using the 

second position data at the second rate; 
Wherein said interpolating the ?rst position data and mod 

eling operation of the mechanical system is performed 
Without simulating drives and motors necessary to drive 
the mechanical system. 

16. The system of claim 15, Wherein the program instruc 
tions are further executable to: 

execute an application Which causes the motion controller 
to provide the ?rst position data. 

17. The system of claim 16, Wherein the application com 
prises a graphical program, Wherein the graphical program 
comprises a plurality of interconnected nodes Which visually 
specify functionality of the motion controller. 

18. The system of claim 15, Wherein the motion controller 
is con?gured to provide the ?rst position data for a real or 
simulated mechanical system. 

19. The system of claim 15, Wherein said interpolating and 
said modeling alloWs an application controlling the motion 
controller to be tested Without modi?cation before physically 
implementing the mechanical system. 

20. The system of claim 15, Wherein said interpolating and 
said modeling alloWs for testing of an application controlling 
the motion controller and the mechanical system Without 
physically implementing the mechanical system. 

* * * * * 


